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57 ABSTRACT 

Connectors are provided for attaching flexible tubular grafts 
to the body organ tubing of a patient at oblique angles. The 
connector Structures may be formed from two elongated 
members connected by a series of struts. Wire hooks welded 
to the connector may be used to engage the graft and the 
body organ tubing when the connector is used to attach the 
graft to the body organ tubing. The Struts are bendable So 
that the elongated members can be compressed toward each 
other when it is desired to install a graft by placing the graft 
and the connector in a delivery tube. When the connector 
and graft are released from the delivery tube at the instal 
lation site, at least the open end of the connector adjacent to 
the body organ tubing has an oval shape for insertion into 
and attachment to an oval aperture in the body organ tubing. 
The elongated members are longitudinally shifted relative to 
each other So that the connector is angled obliquely to 
Support attachment of the graft to the body organ tubing at 
an oblique angle. 

18 Claims, 6 Drawing Sheets 
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OBLIQUE-ANGLE GRAFT CONNECTORS 

BACKGROUND OF THE INVENTION 

This invention relates to replacing or Supplementing a 
patient's natural body organ tubing by installing tubular 
graft Structures. More particularly, the invention relates to 
connector Structures for making oblique-angle connections 
between Such tubular graft structures and body organ tubing. 
A patient's weakened or diseased body organ tubing can 

often be repaired by replacing or Supplementing the patient's 
existing natural body organ tubing with an artificial graft 
Structure. One Suitable type of artificial graft Structure uses 
a tubular nitinol mesh frame covered with a Silicone coating, 
as described in Goldsteen et al. U.S. Pat. application Ser. No. 
08/745,618, filed Nov. 7, 1996. Such grafts are highly 
flexible, So they recover their shape after being Stretched. 
Accordingly, a graft of this type may be stretched axially to 
reduce its radial dimension and then installed in a patient 
intraluminally (e.g., through an existing vein or artery). 
Once delivered to the proper location within the patient, the 
axially stretched graft may be released, whereupon it 
expands to regain its original shape. 

In addition, flexible artificial grafts may be made disten 
Sible like natural body organ tubing to help reduce clot 
formation when used in vascular applications. Flexible 
artificial grafts may also be made biocompatible by adjust 
ing their porosity and the composition of their coatings. 

Various connector Structures may be used to attach flex 
ible artificial grafts to a patient's body organ tubing. For 
example, a graft may be Surgically attached to body organ 
tubing with Sutures. To install a graft intraluminally, a 
pronged ring may be expanded from within the end of the 
graft, thereby piercing the graft and attaching it to Surround 
ing body organ tubing. Barbed flapS and wire hookS may 
also be used to attach grafts to body organ tubing. Connector 
Structures of these types and other Suitable connector Struc 
tures are described in the above-mentioned Goldsteen et al. 
U.S. Pat. application Ser. No. 08/745,618, filed Nov. 7, 1996 
and in Bachinski et al. U.S. Pat. application Ser. No. 
08/839,199, filed Apr. 23, 1997. Wire-based connector struc 
tures Suitable for attaching grafts to body organ tubing at 
oblique angles are described in Berg et al. U.S. Pat. appli 
cation Ser. No. 08/946,742, filed Oct. 9, 1997. 

Although connector Structures of these types have various 
useful features, it would be desirable if other connector 
Structures were available, particularly connectors for making 
oblique-angle connections between tubular grafts and body 
organ tubing. 

It is therefore an object of the present invention to provide 
improved connector Structures for attaching grafts to a 
patient's body organ tubing at oblique angles. 

SUMMARY OF THE INVENTION 

This and other objects of the invention are accomplished 
in accordance with the principles of the present invention by 
providing connectors for attaching flexible tubular grafts to 
the body organ tubing of a patient. The connectors allow 
grafts to be attached to body organ tubing at oblique angles 
(i.e., angles other than right angles). 

The connector structures may be formed from two elon 
gated members connected by a Series of Struts. The Struts are 
bendable So that the elongated members can be compressed 
toward each other during intraluminal installation of a graft 
and connector (e.g., through the vascular System of a 
patient). During Such an installation, the compressed con 
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2 
nector and graft are placed in a delivery tube. The connector 
has attachment memberS Such as heat-Set initinol wire hooks 
that are welded or otherwise connected to the elongated 
tubular members. When the graft and connector are released 
from the delivery tube, the hooks engage the graft and the 
body organ tubing of the patient, thereby attaching the graft 
to the body organ tubing. 
At least the open end of the released connector that is 

adjacent to the body organ tubing has an oval shape that 
matches the oval shape of the body organ tubing aperture 
into which the connector and graft are inserted during graft 
installation. The elongated members of the connector are 
longitudinally shifted with respect to one another, So that 
when the oval open end of the connector is installed in the 
oval aperture in the body organ tubing an oblique angle is 
formed between the shared longitudinal axis of the graft and 
the connector and the longitudinal axis or Surface of the 
body organ tubing. 

Slots may be formed in the connector to make the 
connector distensible. The slots may be formed using laser 
cutting, Water jet cutting, electrode discharge machining, or 
chemical etching. The connector may be fabricated by 
cutting the connector from a tube of nitinol as a single piece, 
Shaping the connector into a desired final shape, and heat 
treating the connector to Set the connector in the desired final 
shape. 

Further features of the invention, its nature and various 
advantages will be more apparent from the accompanying 
drawings and the following detailed description of the 
preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a graft attached to a length 
of body organ tubing at an oblique angle with a connector in 
accordance with the present invention. 

FIG. 2 is a perspective view of an illustrative connector in 
accordance with the present invention. 

FIG. 3. is a side view showing how a connector in 
accordance with the present invention may be cut from a 
metal tube as a single piece. 

FIG. 4 is a side view of an illustrative connector showing 
how wire hooks may be provided to attach the connector to 
body organ tubing and a graft in accordance with the present 
invention. 

FIG. 5a is a side view of a graft with a right-angle end for 
attachment to a portion of body organ tubing. 

FIG. 5b is a side view of a graft with an oblique (non 
right-angle) end for attachment to a portion of body organ 
tubing. 

FIG. 6 is a Sectional view of a graft attached to a portion 
of body organ tubing at an oblique angle using an illustrative 
connector in accordance with the present invention. 

FIGS. 7a and 7b are sectional views of an illustrative 
arrangement for attaching a graft to body organ tubing using 
a connector in accordance with the present invention. 

FIG. 8 is a flow chart of illustrative steps involved in 
fabricating and installing connectors in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A graft 10 connected to body organ tubing 12 in accor 
dance with the present invention is shown in FIG. 1. Graft 
10 is preferably an artificial flexible tubular structure, 
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although the connector arrangements of the present inven 
tion may be used with natural grafts if desired. Artificial 
flexible tubular graft 10 may be formed from a flexible 
coating 14 covering a flexible frame 16. The preferred 
materials for forming frame 16 are metals, although poly 
meric materials may also be used. The presently most 
preferred material is a braid of nitinol wire. 

Graft 10 is connected to body organ tubing 12 using 
connector 18. ConnectorS Such as connector 18 are prefer 
ably formed from the same type of flexible material as frame 
16 (e.g., nitinol). Nitinol is heat sensitive, so connectors 18 
of various shapes may be formed by cutting, bending, and 
otherwise forming the nitinol material that makes up the 
connector into a desired shape and applying a heat treatment 
to Set the nitinol in that shape. 

Coating 14 is preferably an elastic biocompatible material 
such as silicone, which fills the apertures formed by the 
wires in frame 16. Other materials that may be used for 
coating 14 include polymeric materials. Such as Stretchable 
urethane, stretchable polytetrafluoroethylene (PTFE), natu 
ral rubber, and the like. 

If desired, coating 14 can be formed with microscopic 
pores to help improve biocompatibility. A preferred method 
of providing a desired porosity is to make coating 14 from 
an elastic material that is mixed with particles of a material 
that can be removed (e.g., by vaporization) after coating 14 
has been applied to frame 16. When the particles are 
removed, Voids are left in coating 14 that give it porosity. 

Graft 10 may be provided with additional coatings such as 
medicated coatings, hydrophilic coatings, Smoothing 
coatings, collagen coatings, human cell Seeding coatings, 
etc., as described in the above-mentioned Goldsteen et al. 
U.S. Pat. application Ser. No. 08/745,618, filed Nov. 7, 
1996, which is hereby incorporated by reference herein in its 
entirety. The above-described preferred porosity of coating 
12 may help graft 10 to retain these coatings. 

In the illustrative example of FIG. 1, graft 10 has been 
used to form a connection to a tubular length of body organ 
tubing 12. Graft 10 may be used to connect portions of body 
organ tubing of any Suitable shape. AS defined herein, the 
term “body organ tubing generally refers to elongated 
fluid-containing body organ tissueS Such as blood vessels 
and the like and to Similar but leSS elongated body organ 
tissue Structures Such as portions of the heart wall. Body 
organ tubing 12 may be vascular tubing or any other type of 
body organ tubing. 

Connector 18 is used to attach graft 10 to body organ 
tubing 12 at an oblique angle (i.e., the angle between the 
longitudinal axis of graft 10 and the longitudinal axis or 
Surface of the body organ tubing 12 is not a right angle). 
Because the angle of attachment between graft 10 and body 
organ tubing 12 is oblique, the periphery 20 of the connec 
tion between graft 10 and body organ tubing 12 is shaped 
like an oval. 
As shown in FIG. 2, the open ends 22 of connector 18 are 

also ovals, So that connector 18 accommodates the Oval 
shape of periphery 20 when connector 18 is used to form an 
oblique-angle connection between graft 10 and body organ 
tubing 12. Connector 18 is formed from two elongated 
members 24 and 26 formed from portions of a tube. Elon 
gated members 24 and 26 are joined by a connection 
structure formed from struts 28. 
Members 24 and 26 have longitudinal slots 30 which may 

provide connector 18 with distensibility (i.e., the ability to 
expand and contract in response to variations in the pressure 
of the fluid contained within connector 18 during use). If 
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4 
desired, Slots 30 may be continuous Serpentine longitudinal 
Slots provided in the form of continuous Serpentine cut-away 
portions, as shown in FIG. 2. 

Struts 28 are preferably integrally formed with members 
24 and 26. If desired, however, struts 28 may be separate 
Support members that are attached to members 24 and 26 
(e.g., by Welding). 
One way in which to form members 24 and 26 and struts 

28 as an integral Structure is to cut connector 18 from a 
hollow tube of nitinol 32 in a single piece, as shown in FIG. 
3. After connector 18 is cut from tube 32, it may be desirable 
to bend, stretch, and heat set connector 18 into the final 
shape shown in FIG. 2. Tube 32 does not need to be perfectly 
round in croSS Section nor do elongated members 24 and 26 
need to be shaped like portions of perfectly round tubes, 
provided that connector 18 is deployed with one elongated 
member axially shifted relative to the other elongated 
member, So that at least one end of connector 18 is approxi 
mately oval in shape and connector 18 Supports attachment 
of graft 10 to body organ tubing 12 at an oblique angle. 

In order to attach connector 18 to body organ tubing 12 
and graft 10, connector 18 is preferably provided with 
attachment members such as hooks 34 of FIG. 4. Hooks 34 
may be formed from bent and heat-set initinol wire strands 
that are attached to connector 18 by welding or other suitable 
attachment Scheme. HookS 34 at open end 22a of connector 
18 are used to attach connector 18 to body organ tubing 12 
and may help to attach graft 10 to body organ tubing 12. 
Hooks 34 at open end 22b of connector 18 are used to attach 
connector 18 to graft 10. 

If desired, the end of graft 10 used in forming the 
connection between graft 10 and body organ tubing 12 may 
be formed at a right angle relative to the longitudinal axis of 
graft 10, as shown in FIG.5a. Alternatively, the end of graft 
10 used in forming the connection between graft 10 and 
body organ tubing 12 may be formed at an oblique angle 
relative to the longitudinal axis of graft 10, as shown in FIG. 
5b. The right-angle arrangement of FIG. 5a is relatively easy 
to form and need not be rotationally aligned with respect to 
connector 18 prior to installation in a patient. With the 
arrangement of FIG. 5b, the longitudinally projecting tip of 
graft 10 must be aligned with the elongated member 24 or 
26 of connector 18 that is longitudinally shifted toward the 
attachment site. However, the arrangement of FIG. 5b may 
alleviate Some of the tension that might otherwise be created 
in graft 10 when the end of graft 10 in FIG. 5a is stretched 
into the shape used for an oblique-angle connection. 

Regardless of the particular shape used for the end of graft 
10, graft 10 is preferably attached to body organ tubing 12 
as shown in FIG. 6. Prior to attachment, an aperture 36 
having approximately the shape of an oval (in the dimension 
perpendicular to the page) is formed in the upper wall of 
body organ tubing 12 by any suitable technique. Graft 10 
surrounds connector 18 and is attached to connector 18 by 
hooks 34a and 34b. If desired, hooks like hooks 34a and 34b 
may be provided at other axial locations on connector 18 to 
further secure graft 10 to connector 18. At open end 22a, 
hookS 34a penetrate the portion of body organ tubing 12 
Surrounding aperture 36, thereby attaching graft 10 and 
connector 18 to body organ tubing 12. Because elongated 
member 24 is shifted longitudinally with respect to elon 
gated member 26, connector 18 Supports attachment of graft 
10 to body organ tubing 12 at an oblique angle. 

If desired, graft 10 may be delivered to an attachment site 
in a patient intraluminally. An illustrative arrangement for 
attaching graft 10 to body organ tubing 14 is shown in FIGS. 
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7a and 7b. Prior to attachment, graft 10 is loaded into 
delivery tube 38 (which can be inserted into a patient 
intraluminally) by compressing connector 18 to reduce the 
lateral spacing of elongated members 24 and 26. During 
compression of connector 18, Struts 28 bend at hinge points 
40a and 40b, as shown in FIG. 7a. This allows the relative 
longitudinal shift of elongated members 24 and 26 to be 
reduced or removed entirely during compression of connec 
tor 18, so that connector 18 fits inside a delivery tube with 
a right-angle end. Graft 10 may be radially compressed by 
axial stretching. Delivery tube 38 and the compressed graft 
10 and connector 18 are advanced in direction 42 through 
aperture 36. During insertion of delivery tube 38 into 
aperture 36, delivery tube 38 holds hooks 34a radially 
inward and out of the way. 
As shown in FIG. 7b, once open end 22a of connector 18 

and the associated end of graft 10 are advanced through 
aperture 36 in body organ tubing 12, delivery tube 38 can be 
drawn backward in direction 44. Drawing delivery tube 38 
backward releases connector 18, which expands as struts 28 
Straighten to assume their normal Straight configuration. 
Wires 34a are also released and assume their normal con 
figuration by expanding and piercing the portion of body 
organ tubing 12 Surrounding aperture 36 to hold graft 10 in 
place. 

Releasing connector 18 causes elongated members 24 and 
26 to axially shift relative to one another as shown by arrows 
45a and 45b. Accordingly, open end 22a of connector 18 
forms an oval shape and connector 18 is angled properly to 
Support an oblique-angle connection between graft 10 and 
body organ tubing 12, as shown in FIG. 7b. 

If the other end of graft 10 has a connector 18, the same 
attachment proceSS may be performed at that end of graft 10 
by inserting the preloaded delivery tube 38 through another 
aperture in body organ tubing 12 and removing delivery tube 
38 through that aperture (rather than moving delivery tube 
38 away from that aperture 36 as shown in FIGS. 7a and 7b). 

Illustrative Steps involved in fabricating and installing 
grafts 10 using connectors 18 of the present invention are 
shown in FIG. 8. Steps 46 are connector fabrication steps. 
Steps 48 are graft and connector installation StepS. 

Connector 18 is preferably formed by cutting connector 
18 from tubing of nitinol or other suitable material as a 
single piece, as shown in FIG. 3. As shown in FIG. 8, such 
cutting may involve laser cutting (step 50), water jet cutting 
(step 52), electrode discharge machining (step 54), or chemi 
cal etching (step 56). Connector 18 may then be formed to 
its desired final shape at step 58. At step 60, a heat treatment 
may be applied to connector 18 to heat set connector 18 into 
its final shape. 
At Step 62, graft 10 is attached to connector 18 (e.g., using 

hooks 34) and placed in delivery tube 38. At step 64, graft 
10 and connector 18 are inserted into aperture 36 in body 
organ tubing 12 and delivery tube 38 is removed to attach 
graft 10 and connector 18 to body organ tubing 12. Remov 
ing delivery tube 38 releases connector 18 so that the open 
end 22a of connector 18 forms an oval shape (as shown in 
FIG. 2). In addition, elongated members 24 and 26 shift 
longitudinally with respect to each other So that connector 
18 Supports an oblique-angle connection between graft 10 
and body organ tubing 12 (i.e., the shared longitudinal axis 
of connector 18 and graft 10 is obliquely-angled relative to 
the longitudinal axis of body organ tubing 12). 

It will be understood that the foregoing is only illustrative 
of the principles of the invention, and that various modifi 
cations can be made by those skilled in the art without 
departing from the Scope and Spirit of the invention. 
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6 
The invention claimed is: 
1. A connector for forming an oblique-angle connection 

between a flexible tubular graft and an aperture in a portion 
of a patient's body organ tubing wherein the connector has 
a length, the connector comprising: 

a first elongated member extending Substantially the 
length of the connector and having first and Second 
edges, 

a Second elongated member having first and Second 
edges, wherein the first and Second edges of the first 
elongated member are Substantially not in contact with 
the first and Second edges of the Second elongated 
member; and 

a connection Structure connecting the first and Second 
elongated members parallel to each other, the first and 
Second members being laterally Spaced and longitudi 
nally shifted with respect to each other so that the 
connector has at least one Substantially oval open end 
for insertion in the aperture and Supports connection of 
the flexible tubular graft to a portion of the body organ 
tubing of the patient at an oblique angle. 

2. The connector defined in claim 1 wherein the first and 
Second elongated members comprise portions of a tube. 

3. The connector defined in claim 1 wherein the first and 
Second elongated members comprise portions of a nitinol 
tube. 

4. The connector defined in claim 1 wherein the connec 
tion Structure comprises a plurality of Struts connected 
between the first and Second elongated members. 

5. The connector defined in claim 1 further comprising 
attachment members connected to the first and Second 
elongated members for engaging the flexible tubular graft. 

6. The connector defined in claim 1 further comprising 
attachment members connected to the first and Second 
elongated members for engaging the body organ tubing. 

7. The connector defined in claim 1 wherein: 

the first and Second elongated members each have two 
ends, and 

the connector further comprises attachment members con 
nected to the first and Second elongated members at 
both of the two ends of the first and second elongated 
members for engaging the flexible tubular graft and the 
body organ tubing. 

8. The connector defined in claim 1 wherein: 

the first and Second elongated members each have two 
ends, and 

the connector further comprises wire hooks connected to 
the first and Second elongated members at both ends of 
the first and Second elongated members for engaging 
the flexible tublar graft and the body organ tubing. 

9. The connector defined in claim 1 wherein the first and 
Second elongated members and the connection Structure are 
an integral member formed from a length of tubing as a 
Single piece. 

10. The connector defined in claim 1 wherein the first and 
Second elongated members and the connection Structure are 
an integral heat-Set member formed from a length of nitinol 
tubing as a single piece. 

11. The connector defined in claim 1 wherein the con 
nection Structure is bendable. 

12. The connector defined in claim 1 wherein the con 
nection Structure bends Sufficiently that the lateral spacing 
between the first and Second elongated members may be 
reduced when the connector is placed inside a delivery tube. 

13. The connector defined in claim 1 wherein the con 
nection Structure comprises a plurality of Struts connected 
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between the first and Second elongated members that are 
bendable So that the lateral Spacing between the first and 
Second elongated members may be reduced when the con 
nector is placed inside a delivery tube. 

14. The connector defined in claim 1 wherein the con 
nection Structure is bendable So that the longitudinal shifting 
between the first and Second elongated members may be 
reduced when the connector is placed inside a delivery tube. 

15. A connector for forming an oblique-angle connection 
between a flexible tubular graft and an aperture in a portion 
of a patient's body organ tubing, comprising: 

a first elongated member; 
a Second elongated member, and 
a connection Structure connecting the first and Second 

elongated members parallel to each other, the first and 
Second elongated members being laterally Spaced and 
longitudinally shifted with respect to each other So that 
the connector has at least one Substantially oval open 
end for insertion in the aperture and Supports connec 
tion of the flexible tubular graft to a portion of the body 
organ tubing of the patient at an oblique angle, wherein: 
the connector has two ends, and 
the connection Structure comprises first and Second 

pairs of Struts, the first pair connecting Said first and 
Second elongated members at one end of the two 
ends of the connector and the Second pair connecting 
Said first and Second elongated members at the other 
of the two ends of the connector. 

16. A connector for forming an oblique-angle connection 
between a flexible tubular graft and an aperture in a portion 
of a patient's body organ tubing comprising: 

a first elongated member having first and Second edges; 
a Second elongated member having first and Second 

edges, wherein the first and Second edges of the first 
elongated member are Substantially not in contact with 
the first and Second edges of the Second elongated 
member; and 

a connection Structure connecting the first and Second 
elongated members parallel to each other, the first and 
Second members being laterally Spaced and longitudi 
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nally shifted with respect to each other so that the 
connector has at least one Substantially oval open end 
for insertion in the aperture and Supports connection of 
the flexible tubular graft to a portion of the body organ 
tubing of the patient at an oblique angle, wherein: 
at least one of the first and Second elongated members 

has slots. 
17. A connector for forming an oblique-angle connection 

between a flexible tubular graft and an aperture in a portion 
of a patient's body organ tubing, comprising: 

a first elongated member; 
a Second elongated member; and 
a connection Structure connecting the first and Second 

elongated members parallel to each other, the first and 
Second elongated members being laterally Spaced and 
longitudinally shifted with respect to each other So that 
the connector has at least one Substantially oval open 
end for insertion in the aperture and Supports connec 
tion of the flexible tubular graft to a portion of the body 
organ tubing of the patient at an oblique angle, wherein: 
at least one of the first and Second elongated members 

has longitudinal slots. 
18. A connector for forming an oblique-angle connection 

between a flexible tubular graft and an aperture in a portion 
of a patient's body organ tubing, comprising: 

a first elongated member; 
a Second elongated member; and 
a connection Structure connecting the first and Second 

elongated members parallel to each other, the first and 
Second elongated members being laterally Spaced and 
longitudinally shifted with respect to each other so that 
the connector has at least one Substantially oval open 
end for insertion in the aperture and Supports connec 
tion of the flexible tubular graft to a portion of the body 
organ tubing of the patient at an oblique angle, wherein: 
at least one of the first and Second members has a 

continuous Serpentine longitudinal Slot. 
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